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Several studies have evaluated long-term satisfaction and psychosocial outcomes of risk-reducing surgery in breast cancer patients with a positive family history of the disease. [7] [8] [9] Overall, most women reported high levels of satisfaction, 8, 9 favorable effects on emotional stability and stress, 8 and significantly lower levels of breast cancer concerns than women who had not undergone CPM. 9 Distress levels and quality of life were comparable with those of women who did not undergo CPM. 9 Negative effects were reported for body appearance, sense of femininity, 8 and sexuality. 7 However, these were all retrospective studies focusing on a delayed CPM in patients not aware of their genetic status at the time of their breast cancer diagnosis 8, 9 or describing a group of both affected and unaffected women. 7 Less is known about the psychosocial impact of RGCT and of immediate CPM at the time of the initial breast cancer diagnosis. In a retrospective study of breast cancer patients who underwent RGCT, approximately one-quarter of women reported clinically relevant levels of breast cancer-specific distress at a mean follow-up of 29 months. However, their distress levels were comparable with those of early stage breast cancer patients treated with radiotherapy, on average, 21 months earlier. 10 This suggests that the observed distress was probably not due to having undergone RGCT. In a prospective, observational study, Tercyak et al. 4 found no differences in quality of life or distress levels between women with breast cancer who had undergone RGCT and chose immediate CPM (n = 29) versus those who chose unilateral mastectomy or breast-conserving surgery (n = 118). This suggests that undergoing an immediate CPM does not cause additional distress. However, to date, no randomized controlled studies have been conducted regarding the psychosocial impact of RGCT. Some concern continues to be voiced that offering genetic counseling and testing to a woman who has just received a breast cancer diagnosis may be "too much, too soon. " 11 We have performed a multicenter, randomized, clinical trial of the behavioral and psychosocial impact of RGCT in newly diagnosed breast cancer patients with a high risk of having a hereditary form of the disease. We recently reported the results of the behavioral outcomes from this trial. 12 Briefly, we found that when RGCT is offered routinely to high-risk breast cancer patients, almost all women accept rapid genetic counseling and approximately 40% opt for a rapid DNA test of the BRCA1/2 genes. Based on an intention-to-treat (ITT) analysis, RGCT did not have a significant impact on choice of primary surgery. However, a per-protocol analysis indicated that women who received their DNA test results before primary surgery opted significantly more often for an immediate CPM than women receiving usual care (UC).
In the current article, we report on the psychosocial outcomes from this trial. Specifically, we investigated the impact of RGCT on: (i) cancer-related worry and distress; (ii) health-related quality of life (HRQL); (iii) body image and sexuality; (iv) satisfaction with decision making; and (v) perceived risk of having hereditary breast cancer. Before starting the trial, we hypothesized that, in comparison with the UC group, women in the RGCT group would opt significantly more often for an immediate CPM and therefore would report significantly lower levels of cancer worries and cancer-related distress at follow-up. We also hypothesized that women in the RGCT group would have higher levels of decisional satisfaction. Conversely, following our hypothesis of an increased uptake of immediate CPM in the RGCT group, we anticipated that women in the RGCT group would report significantly more problems with body image and sexuality than those in the UC group. Hence, cancer worries, cancer-related distress, decisional satisfaction, body image, and sexuality were considered primary outcomes. We did not expect any significant differences between the RGCT and the UC groups on other HRQL outcomes, which were therefore considered secondary outcomes.
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MaterIals and MetHods study population
Trial participants were newly diagnosed female breast cancer patients with at least a 10% risk of carrying a BRCA1 or BRCA2 gene mutation according to Dutch guidelines.
14 Patients with invasive breast cancer and ductal carcinoma in situ could participate. Exclusion criteria were already having undergone surgical treatment for this breast cancer, age younger than 18 years, not being able to read or write in Dutch, and already having undergone genetic counseling and testing. We included patients with unilateral and bilateral breast cancer because a bilateral mastectomy is not always necessary in the case of bilateral breast cancer. 12 
study design
Details of the design and methods of this prospective, randomized, controlled trial are reported elsewhere. 12, 13 Briefly, between November 2008 and December 2010, eligible patients were recruited from 12 hospitals in the Netherlands. The study was approved by the medical ethics committees of all participating hospitals, and all patients provided informed consent before randomization. Two-thirds of the participants were allocated to the intervention group that was routinely invited to undergo RGCT, and one-third of participants were allocated to a UC control group. Randomization was stratified by hospital. 12, 13 Given the nature of the intervention, blinding of the participants was not possible. The RGCT group was offered an appointment with a clinical geneticist within 5 working days after recruitment and the opportunity to undergo rapid DNA testing, with test results provided within approximately 4 weeks. Women in the UC group could be referred to a clinical geneticist by their treating physician. Although referral to RGCT was also possible for women in the UC group, this most typically involved GCT after completion of primary treatment.
data collection
All participants were asked to complete questionnaires at baseline (prior to randomization) and at 6-and 12-month follow-up visits. 13 The questionnaire assessed sociodemographics, cancer worries, cancer-specific distress, perceived risk of having hereditary breast cancer, HRQL, and satisfaction with choice of primary surgery. Details of the specific scales used to assess these psychosocial outcomes are described in Table 1 .
Clinical data were abstracted from the medical records and included breast cancer diagnosis (unilateral or bilateral, TNM stage), DNA test results, hospital, cancer history, type of breast cancer therapy, and type of prophylactic surgery.
statistical analyses
Descriptive statistics were used to characterize the study sample. We used repeated measures mixed effect models to evaluate short-and long-term group differences over time in psychosocial outcomes. The models included random effects for the intercept and the stratification variable (hospital) to account for homogeneity between subjects within strata. Specific contrasts were modeled between groups and follow-up assessment using a maximum likelihood solution. These analyses were conducted both on an ITT and per-protocol basis. For the primary ITT analyses, all women in the RGCT group were included, regardless of whether they actually received RGCT. In the per-protocol analyses, women in the intervention group who underwent DNA testing and received their test results before first surgery were compared with all women allocated to the control group. Additionally, we modeled changes in psychosocial outcome from baseline to 12-month follow-up for the total study sample.
The sample size calculations were based primarily on the uptake of bilateral mastectomy. With a sample size ratio of 2:1 (RGCT:UC), power set at 0.80, and α set at 0.05, 170 patients were required in the RGCT group and 85 were required in the UC group to detect a difference of 18 vs. 5% in the uptake of bilateral mastectomy. For the psychosocial outcomes, a total sample size of 255 women would be adequate to detect a 0.5 SD between group difference in mean scores (a 0.50 effect size; minimum required n = 67 cases per group). Short-and long-term differences in mean change scores were accompanied by effect sizes and their confidence intervals (CIs). Effects sizes were expressed as Cohen's d statistic and were calculated by dividing the difference in the mean change scores between the RGCT group and the UC group by the pooled baseline SD. Effect sizes of (−)0.2 were considered small, (−)0.5 were considered moderate, and (−)0.8 were considered large. 15 Effect sizes of approximately (−)0.5 are considered to be clinically relevant. 15 Effects for primary outcomes were considered significant at P < 0.05, and effects for secondary outcomes were considered significant at P < 0.01. The latter, more conservative significance level was introduced to reduce any possible effect resulting from multiple testing.
The trial is registered at www.clinicaltrials.gov, NCT00783822. Full details of the trial protocol can be found there.
results
Between November 2008 and December 2010, we invited 352 women to participate in the study. Eighty women declined and one withdrew consent at follow-up. Additionally, six women who were randomly assigned were subsequently determined not to have met inclusion criteria. In total, 265 women were included in the study, of whom 178 were allocated to the RGCT group and 87 to the UC group.
Study participants were younger than nonparticipants (mean age of 44.9 vs. 53.0 years, P < 0.001). The most commonly Original research article reported reasons for declining participation were not seeing the value of RGCT, perceiving participation in the trial as being too burdensome (reported by approximately one-quarter of nonparticipants), preferring to first undergo surgery before undergoing GCT, not wanting to complete questionnaires, and having close relatives who do not want to know whether hereditary breast cancer runs in the family.
At 6-month follow-up, 245 (92%) questionnaires were returned; at 12-month follow-up, 240 (91%). Further details of the study flow are described in the CONSORT (Consolidated Standards of Reporting Trials) diagram (Figure 1 ).
There were no statistically significant differences observed between the RGCT and UC groups on sociodemographic or clinical background variables except for bilaterality of the breast cancer ( Table 2) . Significantly more women in the UC group were diagnosed with bilateral synchronous breast cancer than in the RGCT group (9.2 vs. 2.8%, P = 0.02). For all subsequent group comparisons, we performed sensitivity analyses, adjusting statistically for a diagnosis of bilateral breast cancer. The results of these sensitivity analyses did not differ from those of the primary analyses, and thus only the latter results are reported here.
All but one woman in the RGCT group underwent genetic counseling within approximately 1 year of diagnosis, with a median time between randomization and the first genetic counseling consultation of 4 days (range = 0-374 days). One hundred seventy-one women in the RGCT group (96%) underwent genetic testing, of whom 59 (33%) received their test results before their first surgery. Women reported various reasons for not undergoing DNA testing. Some women wanted more time to consider this option. Others had relatives who had previously undergone testing without finding a mutation, and thus felt less compelled to do so themselves. Still other women chose not to undergo testing because, although they themselves had developed breast cancer at a relatively young age (fulfilling criteria for testing eligibility), they did not have any relatives affected with breast or ovarian cancer.
In the UC group, 62 women (71%) underwent genetic counseling after their breast cancer diagnosis, of whom 54 (62%) had DNA testing. The cumulative numbers of women in the UC group who received DNA test results during follow-up were 9 (10%) prior to undergoing surgery, 21 (24%) within half a year after randomization, and 41 (47%) within 1 year after randomization. The remaining 13 women who underwent DNA testing received their results subsequent to the 12-month follow-up period.
In total, 22 pathogenic BRCA1/2 mutations were found (17 in the RGCT group and 5 in the UC group, P = 0.88). Overall, this represents 9.8% of those tested, which reflected our expectations. Further details are described elsewhere. 12 
Itt analyses
Results of the ITT analyses based on overall model effects indicated no statistically significant short-or long-term differences between the RGCT and the UC group in cancer worries, cancer specific distress, anxiety and depression, (breast) cancer-specific HRQL, satisfaction with decision making, or decisional conflict (Supplementary Table S1 online). The only statistically significant group difference over time was in the perceived risk of having hereditary breast cancer, with a greater decline from baseline to 12-month followup in the RGCT as compared with the UC group (P = 0.005, effect size (ES) = −0.32; Supplementary Table S1 online). Effect sizes for the primary outcomes were small, ranging from 0.00 for the Impact of Events Scale (IES) intrusion scale to −0.26 for the sexual functioning scale at 6-month follow-up, and from −0.04 for the IES total score to −0.16 for the sexual functioning scale at 12-month follow-up. Effect sizes for 4 of the 24 secondary outcomes (future perspective, breast symptoms, dyspnea, and perceived risk of having hereditary cancer) were more than 0.3 at 6-and/or 12-month follow-up, all in favor of the RGCT group.
Per-protocol analyses
For the per-protocol analyses, women in the intervention group (n = 59 at baseline, and n = 56 at 6-and 12-month follow-up) who received their DNA test results before primary surgery were compared with the intact control group (n = 87 at baseline and n = 82 at 6-and 12-month follow-up). Again, no statistically significant group differences over time were observed for any of the psychosocial outcomes, with the exception of the perceived risk of having hereditary breast cancer (P = 0.008, ES = −0.36). The latter results were similar to those reported for the ITT analysis (See Supplementary Table S2 online).
course of psychosocial measures during follow-up
When analyzing the study sample as a whole (i.e., the RGCT and the UC groups combined), we observed a significant change over time in almost all psychosocial measures, with P < 0.001 except for cognitive function (P = 0.02), insomnia (P = 0.01), and diarrhea (P = 0.91) (not shown in tabular form). More specifically, participants reported, on average, significantly fewer cancer worries and less cancer-specific and general psychological distress at 6-month follow-up as compared with baseline, with a generally stable pattern observed between 6-and 12-month follow-up. By contrast, self-reported fatigue, physical, role, cognitive and social functioning, global HRQL, body image, and sexuality declined significantly from baseline to 6-month follow-up. For most of these outcomes, there was a return to (near) baseline values at 12-month follow-up. This recovery at 12-month follow-up was less pronounced for body image and sexuality.
dIscussIon
To the best of our knowledge, this is the first randomized controlled trial to publish data on the psychosocial impact of RGCT in newly diagnosed high-risk breast cancer patients. Overall, the women in our study reported substantial distress soon after diagnosis, especially anxiety and intrusive thoughts, which decreased over time. Such heightened levels of distress and compromised HRQL have also been described in breast cancer patients without a high-risk profile. [16] [17] [18] Unfortunately, we did not have data available for breast cancer patients without a high-risk profile for comparison of distress levels.
Contrary to our original expectations, at follow-up, women in the RGCT group did not report significantly lower levels of cancer worries or cancer-related distress or more problems with body image or sexuality than the UC group. However, these hypotheses were based on the expectation of a significantly higher uptake of immediate CPM in the RGCT group. As reported in our previous work, this expectation was not met, based on ITT analyses. 12 On the basis of the per-protocol analysis of our clinical data, significant group differences were observed in the uptake of CPM. That is, women who received their DNA test results before surgery (59/178 women in the RGCT group) opted significantly more often for direct bilateral mastectomy (BLM) than patients who received UC (22 vs. 9.2%; OR 3.09, CI 1.15-8.31, P = 0.03). Nevertheless, the per-protocol analysis of the psychosocial outcomes did not show any significant group differences in cancer worries or distress, HRQL, body image, or sexuality at follow-up.
In the ITT and per-protocol analyses, effect sizes for all primary outcomes and most secondary outcomes were small. For a few secondary outcomes, the effect sizes were somewhat larger, with all differences favoring the RGCT group.
Combined, these results provide preliminary evidence to suggest that undergoing RGCT and opting for an immediate CPM does not carry with it any significant psychosocial effects, either positive or negative. The observed decline over time in distress levels in both groups likely reflects the passage of time, as described by Schlich-Bakker et al. 19 Many professionals in the field of breast cancer care, including both surgeons and psychosocial care professionals, have been reluctant to discuss breast cancer genetics and its implications with women who may already be distressed because of just having received a cancer diagnosis. 11, 20 Professional organizations have recommended limiting RGCT to exceptional situations until research into its behavioral and psychosocial impact becomes available. 21, 22 By contrast, qualitative data indicate that women with breast cancer have a positive attitude toward RGCT, 23 and results of a pilot study have suggested that genetic counseling before definitive surgery does not increase distress levels. 24 The results of our trial provide additional evidence in this regard. However, we emphasize the need to confirm our results in future studies.
We did not have any specific hypothesis with regard to the impact of RGCT on the perceived risk of having hereditary breast cancer. However, because the majority of women in the RGCT group were expected to receive counseling and testing, and because approximately 90% of them were expected not to carry a pathogenic BRCA1/2 mutation, lower levels of perceived risk at follow-up might be expected. 25 We observed a greater decline in perceived risk of having hereditary breast cancer in the RGCT group than the UC group. This suggests that RGCT may have induced a more realistic view of the chance of having hereditary breast cancer. However, given the cumulative number of women in the UC group who had counseling and received their test results within the 6-and 12-month follow-up periods (24 and 47%, respectively), it is difficult to explain why their level of perceived risk remained relatively stable over time (rather than decreasing as in the RGCT group, albeit more slowly). We would note that the decrease in the perceived risk
Original research article of having hereditary breast cancer observed in the RGCT group did not translate into concomitant reductions in cancer worries. Further research is needed to better understand the factors related to changes in risk perception over time.
Our study had several limitations that should be noted. First, we did not have complete information regarding the number of women who received psychosocial counseling during the course of the study. We know that women in the RGCT group were routinely offered referral to such counseling in the genetics departments involved, and we know how many made use of these services. However, we do not know how many women made use of psychosocial services outside of this setting.
Second, participants in our study were relatively highly educated compared with the general population, and they were significantly younger than patients who declined participation. Also, approximately one-quarter of nonparticipants considered participating in the trial as too burdensome, although we do not know if this was related to the RGCT process itself, or rather to being asked to participate in scientific research so soon after being diagnosed with breast cancer. In any case, we cannot rule out the possibility that we underestimated the overall level of psychosocial distress due to some degree of selection bias. Given the differences observed between trial participants and nonparticipants, we need to exhibit some caution in generalizing our results to all newly diagnosed breast cancer patients who are at high risk of having hereditary breast cancer. We would note, however, that the trial participants were recruited not only from a university medical center and specialized cancer hospital but also from a number of community hospitals.
Third, although women were recruited as soon as possible after being diagnosed with breast cancer, and although the baseline questionnaire was completed by all participants before primary surgery, the time between diagnosis and completion of the baseline questionnaire varied. This could have had some influence on levels of distress. However, given the design of the trial, any effects due to the timing of the assessments would have been randomized across the two groups.
Fourth, although all women in the RGCT group underwent genetic counseling, slightly fewer than half opted for rapid DNA testing. However, we would argue that this is not so much a study limitation as it is a reflection of clinical reality. Our experience is that even at such a stressful time, patients are able to consider the options available to them and to make their own decision regarding rapid DNA testing. Previous observational studies support this position. 4, 26 Finally, the results of the per-protocol analyses need to be interpreted with a great deal of caution, given the limited sample size available for these analyses and the concomitant limitations in the ability to detect statistically and clinically relevant differences in psychosocial outcomes. Larger studies are needed to confirm these results.
Our study also had a number of noteworthy strengths. These include the randomized design, the multicenter setting in which it was performed, the use of standardized questionnaires, and the high data completion rates (overall, approximately 90%).
clinical implications
In summary, our results suggest that offering RGCT does not carry with it significant adverse psychosocial effects. However, before RGCT can be safely offered to newly diagnosed breast cancer patients who are at risk for carrying a BRCA1/2 gene mutation, replication of these results is needed. Still, a thorough family history should be taken from all women diagnosed with breast cancer; when there is an indication for genetic counseling and testing, this should be discussed with the patient. Depending on the patients' prognosis, treatment options, and preferences, for women whose treatment decisions (may) depend on DNA test results, referral for RGCT should be considered.
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